The objective of this study was to examine the molecular and phenotypic variability of 'Prata Anã' banana clones cultivated in northern Minas Gerais State. For the phenotypic and molecular characterization, the clones were collected from five properties. The morphological characterization of 20 clones was accomplished through a qualitative evaluation of 74 descriptors. For the molecular evaluations, 45 clones were collected, and 14 Random Amplified Polymorphic DNA primers were used. Among the 74 morphological descriptors evaluated in the 20 'Prata Anã' banana tree clones, 53 descriptors presented in the same homogeneous class for all clones. The presence of anthocyanin in the pseudostem (ANT) and the shape (BUS) and flexion (FLX) of the bunch clearly differentiated the 'Prata Anã' banana clones from the commercial cultivar. A total of 176 bands were produced from the molecular analysis using the 14 RAPD primers; there were 116 monomorphic and 60 polymorphic bands, with an average polymorphism percentage of 52.2%. The amplification using the OPP 14 primer resulted in the greatest percentage of polymorphic bands at 88%. The dendrogram indicated that each of the 45 'Prata Anã' clones that were evaluated using RAPD markers clustered with the commercial 'Prata Anã' cultivar.
INTRODUCTION
Among the most common banana cultivars in the Brazilian market are the 'Prata,' 'Nanica,' 'Maçã,' 'Terra,' 'Ouro' and 'Marmelo' varieties. The narrow genetic variability of the Brazilian cultivars makes these bananas vulnerable to disease (Silva et al., 2008) .
According to Lichtemberg and Lichtemberg (2011) the 'Branca' banana (AAB) originated in Santa Catarina State, and a natural mutation gave rise to the 'Enxerto'. The Enxerto cultivar was registered at the germplasm bank of the Centro Nacional de Pesquisa Mandioca e Fruticultura (CNPMF) in the 1970s. It later received the name 'Prata Anã' and was distributed worldwide and throughout various regions of Brazil.
Notable morphological characteristics of the 'Prata Anã' banana tree include the bright green coloration of its pseudostem sheaths. Under favorable cultivation conditions, the pseudostem girth normally exceeds one meter with a height from the ground to the foliar rosette between 2.20 and 4.50 meters (Marques et al., 2011) .
Since their introduction to northern Minas Gerais in the 1990s, innumerable farmers have selected 'Prata Anã' clones. A somaclonal variant known as 'Prata Anã Gorutuba' has been used for the expansion of new plantation areas (Rodrigues, 2009 ). Several methods have been used to investigate the genetic variability present in the Musa germplasm. Morphotaxonomic descriptors were the first to be developed and perfected for banana trees, and 119 descriptors were recently defined as normal for the Musa germplasm (IPGRI, 1996) . More recently, molecular markers have been applied to studies concerning the genotypic relationships (Shinwari, 1995) , identification of mutants (Damasco et al., 1996) , and classification of clones (Bhat et al., 1995) of the Musa spp.
The analysis of genetic diversity based on RAPD molecular markers is a technique used for studies of inter -and intra-varietal genetic variability among different species (Solouki et al., 2008 , Martins-Lopes et al., 2009 . One of the advantages of molecular markers is phenotypic neutrality, which is generally co-dominantly inherited and rarely exhibits epistatic or pleiotropic interactions, allowing it to be detected in both young and adult tissues (Brammer, 2000) .
The objective of the present study was to analyze the phenotypic and molecular variability of 'Prata Anã' banana clones cultivated in northern Minas Gerais.
MATERIAL AND METHODS

Morphological Characterization
The morphological characterization of the clones was conducted at five properties located in the northern region of Minas Gerais with orchards of 'Prata Anã' banana trees. Sucker plants were obtained using an in vitro micropropagation process. All plants selected had completed at least two productive cycles (possessing a third cluster). Four plants from each property were characterized, for a total of 20 plants. The geographic location of the properties used in the morphological characterization was defined using a GPSMAP 76S Garmin device with the South American Datum 1969 (SAD 69) standard (Tables 1 and 2 ).
The descriptors evaluated in the selected plants were compared with 'Prata Anã' from the official accession of the EMBRAPA CNPMF Germplasm Active Bank; this accession is located at Cruz das Almas, BA (12º40'34.0"S; 39º05'17.2"W; altitude of 217 m).
The qualitative characteristics were determined by the consensus of the evaluations of three different researchers. The adult leaves from mature plants and suckers were evaluated at each clump or production unit (mother, daughter and granddaughter).
The morphological characterization was conducted through the qualitative evaluation of 74 descriptors, including 24 plant, 25 cluster and 25 inflorescence characteristics (heart and male flowers). The descriptors used are detailed and illustrated according to the International Plant Genetic Resources Institute (IPGRI, 1996) . The data were subjected to a hierarchical agglomerative cluster analysis (HAC). Similarity dendrograms were established using Pearson's correlation coefficient, and the dendrogram was produced using the XLSTAT ® software for Excel.
Molecular Characterization
For the molecular characterization, 45 'Prata Anã' banana tree clones from five properties located in the northern region of the state of Minas Gerais and the 'Prata Anã' cultivar from the EMBRAPA CNPMF Germplasm Active Bank were evaluated (Table 2) . Leaf samples from 31 'Prata Anã Gorutuba' clones, 7 'Prata Rio' clones, 7 'Prata Catarina' (EX-033) clones, and the common 'Prata Anã' cultivar were collected, identified, and sent to the laboratory for DNA extraction.
DNA was extracted from young leaves in accordance with the methods of Doyle and Doyle (1990) . The DNA was quantified spectrophotometrically (FEMTO 700 Plus), and the quality of the DNA was assessed on a 0.8% agarose gel. After estimating the quantity of the DNA, the samples were adjusted to a concentration of 10 ng/µL. A total of 14 primers (decamers) were selected and used for amplification ( Table 3 ). The RAPD reactions were performed according to Williams et al. (1990) with the following concentrations:
genomic DNA (30 ng), Tris HCl-KCl (10mM/50mM), MgCl 2 (3mM), dNTPs (0.1mM), primer (0.4 µM), Taq DNA polymerase (1 unit), and distilled water in a final volume of 25 µl. Amplification was performed in a Techne ® TC-412 thermal cycler with the following program: one cycle of 94 ºC for 3 minutes, forty cycles of 94 ºC for 10 seconds, 35 ºC for 30 seconds and 72 ºC for 1 minute, followed by a final cycle of 7 minutes at 72 ºC. The amplification products were subjected to electrophoresis on a 1.2% agarose gel at 5V/cm in 1X TBE buffer for three hours. The gel was stained with a 5mg/ml ethidium bromide solution. The amplified fragments were visualized under UV light and photographed using a UVP ® Life Science software digital photo documentation system. Only the distinct and reproducible fragments were considered. The presence of an amplification product was classified as 1, and the absence of product was classified as 0. A matrix of binary data was prepared, and the Jaccard coefficient of similarity was applied. Estimates of dissimilarity were used to construct a dendrogram according to the Unweighted Pair Groups Method with Arithmetic Mean (UPGMA). A bootstrap analysis was performed with 1000 repetitive samplings of the RAPD data to compute p values. The data were analyzed using the statistical program Genes (Cruz, 2006) .
RESULTS AND DISCUSSION
Morphological Characterization
Among the 74 morphological descriptors evaluated in the 20 'Prata Anã' banana tree clones, 53 presented in the same homogeneous class for all of the clones. The 21 descriptors that presented in different classes were submitted to a hierarchical agglomerative cluster analysis (HAC), establishing similarity dendrograms using Pearson's correlation coefficient (Figures 1 to 3) . Differences in nine plant descriptors, including green color hue (GCH), waxiness (WAX), dark spot color (DSC), presence and quantity of anthocyanin in the pseudostem (ANT), dark spot density (DSD), petiole edge color (PMS), petiole colored band form and size (PCB), and dorsal surface limb waxiness (DSW), resulted in the classification of three groups. Pearson's correlation coefficient analysis showed that the six clones of group I presented 100% similarity and a significant correlation (0.488) with 'Prata Anã'. However, a negative Pearson's correlation coefficient (-0.284 ) was recorded between the three groups (Figure 1) .
The waxiness characteristic (WAX) showed higher variation between the Prata Anã cultivar and the evaluated clones, therefore, environmental factors such as climate and plant nutrition significantly influenced this descriptor. Pillay and Tenkouano (2011) suggested that the variability within a clonal population is more phenotypic than genotypic and is often influenced by slight environmental differences within the habitat.
The amount of anthocyanin in the pseudostem (ANT) was another clearly differentiated descriptor among the evaluated clones. While the 'Prata Anã' and 'Prata Anã Catarina' cultivars and clone PGFS 9 had pseudostems with a large distribution of anthocyanin, the other evaluated clones presented little anthocyanin in the external sheath. Genotypes with little pseudostem pigmentation tend to be more similar to the Musa balbisiana Colla species. Those with anthocyanin deposition and the presence of spots in the pseudostem tend to be similar to Musa acuminata Colla (Stover and Simmonds, 1987) . The color of the pseudostem, petioles and midribs are considered minor changes and normally do not alter the nomenclature of the cultivar (Pillay and Tenkouano, 2011) .
Clusters based on the BUS, FLX, PSF, MPR and BRP descriptors were classified into three distinct groups: group I was defined to include the 'Prata Anã' cultivar and clones PGFU 1, PGFS 4 and PGFS 9, showing a positive correlation of 0.297 with Group II and a negative correlation (-0.314) with Group III. Group III comprised 10 clones with 100% similarity (Figure 2) .
The evaluated clones showed variability in the persistence of the remaining bract portions (BRP) in the rachis and the persistence of floral remains (MPR) on the male rachis. The MPR was only observed in the 'Prata Anã' banana cultivar, while in the other evaluated clones 62% of the plants presented floral remains along the entire rachis. The BRP in the 'Prata Anã Gorutuba' clones was 76% differentiated from the 'Prata Anã' cultivar, predominantly in plants that are commonly referred to as "dirty tail" plants, as described by (Moreira, 1999) .
In all 20 'Prata Anã Gorutuba ' clones, it was observed that the older bunch on the inside of the stalk had crooked and curved fruit. The characteristics that differentiated the 'Prata Anã Gorutuba ' clones from the 'Prata Anã' cultivar included the shape (BUS) and flexion (FLX) of the bunch. In all evaluated clones, the clusters were compact, and the bunches were plain and slightly curved with extremely close insertions, clearly demonstrating cluster compaction, which was not observed in the 'Prata Anã. According to Nantale et al. (2008) a number of morphological characteristics are prone to mutations, including plant stature, bunch and fruit shapes and fruit pulp stringency. Despite the great importance of genetic variation, it is not known how these traits are selected and subsequently conserved within a given farming community.
A high level of homogeneity was observed among inflorescence characteristics (heart and male flowers), as only seven descriptors among the 25 evaluated presented more than one category class.
The 'Prata Anã' was clustered in Group I and recorded a high correlation (1.000) with the PGFS7, PGFC6 and PGFS4 clones. The other two groups (II and III) were clustered with 23.8% and 28.6% of the evaluated clones, respectively (Figure 3) .
Although the presence of anthocyanin occurred in the 'Prata Anã' banana tree cultivar, 57% of the 'Prata Anã Gorutuba' clones presented anthocyanin throughout the perianth, with the same characteristic detected in 'Prata Anã Catarina' (PGFS 9).
This characteristic presents great variation among the evaluated clones and requires careful observation because the flowers must be evaluated in the first week after the bract opens; after the first week, it is common for flowers to acquire a rosy hue, even those from clones with white or cream colored bases and perianths. Floral structure senescence also causes the darkening of some tissues and can lead to incorrect evaluations of these descriptors. Jesus et al. (2009) reported similar observations of the varying states of some descriptors and the subjectivity of evaluation. According to the author, the pseudostem spot color descriptor, for example, could be considered a single color due to the difficulty in differentiating shades of brown. Similar suggestions have been made for mature fruit pulp color (white and white matte) and anther color (pale brown and cream).
Despite the difficulty of differentiating some qualitative characteristics, anthocyanin pigments are called melanins and are present in various parts of the plant. Various shades of red, brown, bronze and black can be observed along the pseudostem, petioles, upper sheaths and midribs. These variations are considered mutations and are useful for identifying clones (Simmonds, 1966) .
Among the 74 evaluated characteristics, 37.5% of the plant characteristics, 12% of the cluster characteristics and 28% of the inflorescence characteristics presented more than one categorical class, which is equivalent to 12%, 4% and 9% of the total number of evaluated characteristics, respectively.
In general, a high rate of similarity was observed among the evaluated clones. Therefore, a study conducted with 'Mysore' banana clones revealed that the pseudostem girth, fruit maturity period, bunch, total, and average fruit weight and fruit circumference in the second comb had high genotypic variation (Sirisena and Senanayake, 2000) . Tezenas du Montcel et al. (1983) observed marked variability among plantains from Cameroon, although the sub-group was homogeneous from a botanical point of view. This author suggested that the morphological variability was due to some parental influences during the natural hybridization process and to certain mutations. In addition, an additional source of morphological variation is associated with the process of selection. Bunch and fruit characters experience tremendous selection pressure, particularly the compactness and shape of the bunch and fingers (Pillay and Tenkouano, 2011) .
Morphological descriptors for the characterization of germplasm are not biased by the environment, should be scored easily and must have constant phenotypic expression. Meanwhile, descriptors that are affected by the environment are more important for agronomic evaluation or selection and for classification (Ortiz, 1997) .
Molecular Characterization
The fourteen RAPD primers produced a total of 176 bands, 116 monomorphic and 60 polymorphic. The average percentage of polymorphism was 52.2%, with a low of 20% and a high of 88%. The average number of polymorphic bands per primer was 4.28, and the OPP 14, OPB 10, OPG 17, OPE 12, and OPU 10 primers generated the greatest number of polymorphic bands: 7, 6, 6, 6 and 6, respectively (Table 3) . Uma et al. (2006) conducted a study to estimate the diversity between and within the M. balbisiana species. The authors demonstrated that, of the 80 random primers used, 34 produced reproducible bands and only four primers produced more than five polymorphic bands. The average polymorphism obtained was 74.6%, indicating a considerable variation at the DNA level within M. balbisiana accessions.
The results of this and other studies demonstrate that a percentage of polymorphisms above 50% were observed for the intra -and inter cultivar genetic variability in species of the genus Musa. Studies conducted in different regions of Turkey using RAPD markers indicated a 61.3% polymorphism within the somaclonal variants of the Dwarf Cavendish cultivar (Gubbuk et al., 2004) . In southern India, researchers evaluated the genetic variability of 21 commercial cultivars of banana by amplification using 50 RAPD primers and observed a 60.2% polymorphism (Venkatachalan et al., 2008) .
The 'Prata Anã Gorutuba' clone PGFS 7, collected at the Jaíba city, Santa Odília farm, had the highest percentage of polymorphic bands, with an average dissimilarity of 13.2% when compared with the 'Prata Anã' cultivar. However, clone PGZT 12, named 'Prata Anã Rio', showed a similarity of 98.7% with the 'Prata Anã' banana cultivar. Morphologically, the PGZT 12 clone had phenotypic characteristics that were similar to those of the 'Prata Anã' cultivar in the field.
It was not possible to group the clones according to collection location or clone origin. When comparing the dissimilarity of the clones using collection location, the data indicated that the clones cultivated in Nova Porteirinha and Janaúba cities had a lower average dissimilarity percentage of 3.56, whereas the clones that were cultivated at Janaúba e Jaíba cities had a higher average dissimilarity percentage of 5.23.
The clones in this study presented a low dissimilarity and clustered with the common 'Prata Anã' cultivar. Jesus et al. (2009) showed that the RAPD markers were able to clearly distinguish the varieties according to their
